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j rendering a 2D image from image data on a server
5102
apply a 2D wavelet transform to the 2D image on
the server to generate a plurality of sub-bands
5103
identify code blocks of the sub-bands that correspond
to a region of interest in the image on the server
5104
compress a number of bit planes of each code block using one :
of a plurality of coding techniques on the server based on the
number of bit planes to generate compressed codes |
5105
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send the compressed codes from the server to the client
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visualize a new image on the client using
the received compressed codes I
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METHODS AND SYSTEMS FOR REMOTELY
VISUALIZING IMAGES

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application claims priority to U.S. Provisional Appli-
cation No. 60/904,104, filed on Feb. 28, 2007, the disclosure
of which 1s incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Technical Field

The present disclosure relates generally to the field of
image visualization, and more specifically to methods and
systems ol performing remote visualization of 1images.

2. Discussion of Related Art

With advances 1n medical imaging modalities, efficient
representation and storage of digital imagery 1s necessary.
Accordingly, schemes for smart data access are of interest. It
1s desirable to be able to access various resolutions, qualities,
and spatial regions of an 1mage locally. Further, remote visu-
alization of 1mages can be useful 1n the practice of telemedi-
cine.

In one method of remote visualization, volumetric data 1s
sent from a server to a client for local rendering and display by
the client. However, volume rendering 1s a computationally
intensive process and often requires dedicated hardware for
real time visualization. Although a client can use software to
emulate the functions performed by the needed hardware, the
quality and frame rate of the rendered image i1s often 1nad-
equate. In another method of remote visualization, the ren-
dering 1s performed by a server with dedicated hardware. The
server receives viewpoint requests from a client and transmuts
corresponding 2D rendered images back to the client. How-
ever, the size of the rendered 1mages and the limited band-
width between the client and server can make 1t difficult to
properly visualize the image on the client 1n a timely manner.

Thus, there 1s a need for more etficient methods and sys-
tems for providing remote visualization of 1images.

SUMMARY OF THE INVENTION

An exemplary embodiment of the present invention
includes a method for remotely visualizing an 1image on a
client. The method includes the steps of rendering a 2D image
from 1mage data on a server, applying a 2D wavelet transform
to the 2D 1mage on the server to generate a plurality of
sub-bands, 1dentifying code blocks of the sub-bands that cor-
responds to a region of interest 1n the 2D 1mage on the server,
compressing a number of bit planes of each code block using
one of a plurality of coding techniques on the server based on
the number of bit planes to generate compressed codes, send-
ing the compressed codes from the server to the client, and
visualizing a new 2D 1mage on the client using the received
compressed codes. The server may render the 2D 1image from
3D volumetric data and the rendering may be further based on
viewpoint information received from the client.

When the number of bit planes 1s 1, the chosen coding
technique may include identifying positions of significant
bits 1n the bit plane of the code block and coding the 1dentified
positions. When the number of bit planes 1s 2, the chosen
coding technique may include performing a Run-value cod-
ing on the two bit planes. When the number of bit planes 1s 3,
the chosen coding technique may include performing a Quad-
comma coding on the three bit planes. When the number of bit
planes 1s greater than 3, the chosen coding technique may
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2

include performing a Quad-comma coding on the upper three
bit planes and coding raw bits of the remaining bit planes.

The visualizing may include decoding the compressed
codes to generate decoded codes, performing an inverse 2D
wavelet transform on the decoded codes to generate the new
2D 1mage, and displaying the new 2D image. The decoding
may include analyzing the compressed codes to determine
which of the coding techniques was used and decoding the
compressed codes based on the determined coding techmique.

The compressing of the number of bit planes for each code
block may include determining a number M of most signifi-
cant bit (MSB) planes and a number L of least significant bat
(LSB) planes of the code block based on an importance of the
sub-band of the code block, and compressing the M MSB bit
planes as first codes using the chosen coding technique and
coding raw bits of the L. MSB bit planes as second codes. The
variables M and L are positive integers that sum to a total bit
plane count of the code block.

The sending of the compressed codes may include sending,
the first codes to the client during a user 1interaction between
the client and the server. The visualizing may include visual-
1zing a less detailed version of the new 2D image from the first
codes during the user interaction. The method may further
include sending the second codes to the client and visualizing
amore detailed version of the new 2D image from the first and
second codes after the user interaction has ended.

An exemplary embodiment of the present nvention
includes a system for performing remote visualization of an
image. The system includes a server workstation, a client
workstation, a client display, and a network. The server work-
station renders a 2D 1image from 1image data. The image data
may include 3D volumetric data. The server workstation per-
forms a 2D wavelet transform on the rendered 1image to gen-
erate sub-bands having code blocks, compresses a number of
most significant bit (MSB) planes of each code block based
on a sub-band importance of the code block’s sub-band to
generate codes, and sends the codes across the network. The
client workstation receives the codes from the network,
decodes the codes, performs an imnverse 2D wavelet transform
on the decoded codes to generate a new 2D 1mage, and dis-
plays the new 2D 1mage on the client display.

The server workstation may include a hardware acceler-
ated rendering engine to render the 2D 1mage. The client
workstation may further include a graphical processing unit
to perform the mverse wavelet transform.

The client workstation may further include a client input
device. The client input device may be used to select a desired
viewpoint. The client workstation can send data including the
selected viewpoint across the network to the server worksta-
tion. The server workstation may then render the 2D image
based on the recerved viewpoint information.

An exemplary embodiment of the present invention
includes a method for visualizing an image. The method
includes the steps of applying a 2D wavelet transform to a 2D
image to generate a plurality of sub-bands, identifying code
blocks of the sub-bands that correspond to a region of interest
in the 2D 1mage, generating first codes from a number M of
most significant bit (MSB) planes of each code block and
second codes from a number L of least significant bit (LSB)
planes of each code block based on an 1mportance of the
sub-band of the code block, visualizing a less detailed 2D
image irom the first codes during a user interaction between
a client and server, and visualizing a more detailed 2D image
from the first and second codes after the user interaction has
ended. The variables of M and L are positive integers.

When M 1s 1, the generating of first codes may include
identifying positions of significant bits in the bit plane and
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coding the identified positions. When M 1s 2, the generating
of first codes may include performing a Run-value coding on
the two bit planes. When M 1s 3, the generating of first codes
may include performing a Quad-comma coding on the three
bit planes. When M 1s greater than 3, the generating of first
codes may include performing a Quad-coding on the upper
three bit planes and coding raw bits of the remaining bit
planes.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention can be under-
stood 1n more detail from the following descriptions taken 1n
conjunction with the accompanying drawings in which:

FIG. 1 1llustrates a method for remotely visualizing an
image on a client according to an exemplary embodiment of
the present invention;

FIG. 2 illustrates a system according to an exemplary
embodiment of the present invention that may be used to
implement the method of FIG. 1;

FI1G. 3 illustrates a sample 1image subjected to three levels
of wavelet transform;

FIG. 4A 1llustrates a region of interest 1n a rendered 2D
1mage;

FIG. 4B 1llustrates code blocks 1n sub-bands that corre-
spond to the region of interest after the image of FIG. 4A 1s
subjected to two levels of wavelet transform;

FIG. 5A 1llustrates an example of wavelet coellicients of a
code block:

FIG. 5B 1llustrates bit planes derived from the code block
of FIG. 5A;

FIG. 6 illustrates dividing of code blocks into two layers of
bit planes according to an exemplary embodiment of the
present invention; and

FIG.7A, FIG. 7B, and F1G. 7C illustrate coding techniques
that may be applied to coding blocks according to exemplary
embodiments of the present invention.

DETAILED DESCRIPTION OF
EMBODIMENTS

EXEMPLARY

In general, exemplary methods and systems for providing
remote visualization of 1mages will now be discussed 1n fur-
ther detail with reference to FIGS. 1-7.

It 1s to be understood that the systems and methods
described herein may be implemented 1n various forms of
hardware, software, firmware, special purpose processors, or
a combination thereof. In particular, at least a portion of the
present invention 1s preferably implemented as an application
comprising program instructions that are tangibly embodied
on one or more program storage devices (e.g., hard disk,
magnetic floppy disk, RAM, ROM, CD ROM, etc.) and
executable by any device or machine comprising suitable
architecture, such as a general purpose digital computer hav-
Ing a processor, memory, and input/output interfaces. It 1s to
be further understood that, because some of the constituent
system components and process steps depicted 1n the accom-
panying figures are preferably implemented 1n software, the
connections between system modules (or the logic flow of
method steps) may differ depending upon the manner in
which the present invention 1s programmed. Given the teach-
ings herein, one of ordinary skill in the related art will be able
to contemplate these and similar implementations of the
present invention.

FIG. 1 1llustrates a method for remotely visualizing an
image on a client according to an exemplary embodiment of
the present invention. FIG. 2 1llustrates a system according to
an exemplary embodiment of the present invention that may
be used to implement the method of FIG. 1.
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Referring to FIGS. 1 and 2, the method 1includes the steps of
rendering a 2D 1image from image data on a server (S101),
applying a 2D wavelet transform to the 2D image on the
server to generate a plurality of sub-bands (S102), identifying
code blocks of the sub-bands that correspond to a region of
interest 1n the 2D 1mage on the server (S103), compressing a
number of bit planes of each code block using one of a

plurality of coding techniques on the server based on the
number of bit planes to generate compressed codes (S104),

sending the compressed codes from the server to the client
(5105), and visualizing a new 2D 1mage on the client using
the recerved compressed codes (5106).

As shown 1n FIG. 2, the server 1s housed 1n a server work-
station 202 and the client 1s housed 1n a client workstation
203. The client and server may communicate across a net-
work or via a direct connection. Although not shown 1n FIG.
2, the client and server may also be housed within the same
workstation.

The server may be a Picture Archiving and Communication
System (PACS) server. The server workstation 202 may
include a hardware accelerated rendering engine to perform
the rendering of the 2D image from the image data. The image
data may be provided, for example, by a Computed Tomog-
raphy (CT) scan, Positron Emission Tomography (PET) scan,
a magnetic resonance 1mage (MRI) scan, etc. The image data
may include 3D volumetric data or multi-volume 3D data
such as 3D+time (e.g., “4D”) or volumetric fusion data. For
example 4D data may include images such as a beating heart
in a high-end CT scan and volumetric fusion data includes
data from combined scans (e.g., PET+CT).

The server can arbitrarily choose a particular viewpoint
and render the 2D 1mage from the image data based on that
viewpoint. For example, assume the image data represents the
heart of a patient and the server chooses a viewing angle that
represents the back of the heart. The server can also receive a
desired viewpoint as a client request from the client. For
example, the client workstation 203 may include an 1nput
device which enables a user to select a viewpoint that would
represent the front of the heart. The server would then render
a 2D 1mage of the front of the heart.

As discussed above, once the 2D 1image has been rendered.,
the server can then apply a 2D wavelet transform to the
rendered 2D 1image. With a 2D wavelet transform, the image
1s decomposed into four sub-bands: LL, HL., LH, and HH.
The LL sub-band gives a low resolution representation of the
original image. The wavelet transform can be repeated on the
LL band to generate more resolution levels. For example,
FIG. 3 illustrates the result of subjecting a 2D 1image to three
levels of wavelet transtorm. The first level of wavelet trans-
form 1s performed on the original image and yields sub-bands
LL,, LH,, HL,, and HH,. The second level of wavelet trans-
form 1s performed on sub-band LL, and yields sub-bands
LL,,LH,,HL,,and HH,. The third level of wavelet transtorm
1s performed on sub-band LL, and yields sub-bands LL,,
LH,, HL,, and HH,. The subscript in the sub-band notation
denotes the number of levels of wavelet transform.

Wavelet coellicients from the LL, sub-band yield a low
resolution version (R,) of the original image. Contributions
of subsequent sub-bands can be used to yield increasingly
higher resolution versions o the original image. For example,
adding contributions of the LH,, HL,, and HH, sub-bands
yields a higher resolution version (R, ) of the image. In this
way, the amount of wavelet coellicients considered for trans-
mission to the client can be tailored based on a display reso-
lution of a client display.

FIG. 4 A illustrates a region of interest (ROI) 1n an original
rendered 2D image and FI1G. 4B 1llustrates ROI code blocks in
sub-bands generated from performing wavelet transtforms on
the image of FIG. 4A. Each code block has an IxJ array of
wavelet coelficients, where I and J are positive integers. FIG.
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5A 1llustrates coellicients of an exemplary code block which
contains a 4x4 array of wavelet coellicients. Note that the
array illustrated 1n FIG. 5A 1s sized merely for ease of dis-
cussion, and may be smaller or greater based on the applica-
tion. The code block can be displayed as several bit planes.
Since the array of FIG. 5A includes coeflicients sized no
higher than 7, the coelficients of the code block can be rep-

resented by three bit planes. The three bit planes are illus-
trated in FI1G. 5B. For example, the coellicient o1 6 1n FIG. 5A

1s represented 1n binary as “1107, as respectively shown by
the values of 1, 1, and O in the upper left corners of bit planes
3, 2, and 1 1in FIG. 5B. Note that the coefficients 1llustrated in
FIG. SA are sized merely for ease of discussion, and may be
smaller or greater based on the results of wavelet transforms
on the original image, thereby yielding a fewer or greater
number of bit planes. A limited amount of quality scalability
may be introduced by stacking bit planes into two parts start-
ing from the Most Significant Bit (MSB) plane. For example
bit plane 3 and 2 could be stacked and sent as a first quality
layer and bit plane 1 could be sent as a second quality layer.

FI1G. 6 1llustrates dividing of code blocks into two layers of
bit planes according to an exemplary embodiment of the
present invention. The code blocks for the sub-bands in FIG.
4B are represented by 11 biat planes in FIG. 6. However, the
present invention 1s not limited to 11 bit planes as the code
blocks can be represented by a fewer or a greater number of

bit planes based according to the size of the coellicient values
of the code blocks. For the LL, sub-band shown 1n FIG. 6, all

bit planes above the 4™ bit plane are stacked and sent in the
first quality layer. The other sub-bands have fewer bit planes
included 1n the first layer due to their lesser importance. The
importance of each sub-band may be measured from a mean
square error (MSE) point of view by synthesis filter energy
weights associated with the inverse wavelet transform. These
energy weights may be rounded to the nearest power of two
and used to adjust the stack lengths. In the example of FIG. 6,
code blocks belonging to the HL., and LH, sub-bands will
have one less bit plane 1n the first layer while the HH, and
level-1 sub-bands have two less. All-zero bit planes 1n a code
block are termed as missing MSBs in FIG. 6.

With unconstrained bandwidth, all the raw wavelet coetfi-
cients (for a particular resolution and spatial region of inter-
est) can be sent to get a lossless real time viewing experience.
However, when bandwidth 1s limited, the server may transmut
only the first layer during an interactive session with the
client. Once the interaction stops, the second layer can be sent
to give a lossless representation of the image at that particular
viewpoint.

Quality of the image reconstructed from the first layer waill
increase as the number of bit planes (e.g., a “thickness™)
increases. The thickness of the first layer can be adjusted
based on a desired bit rate, which may be computed from
available bandwidth and a desired frame rate. For a given
“thickness™, the required transmission bandwidth can be
reduced by entropy coding of the wavelet coellicients. The
coded wavelet coellicients can then be transmitted to the
client. However, care must be taken not to increase computa-
tional complexity to the point that the client cannot decode the
coded wavelet coellicients 1n real time.

The coding of the wavelet coellicients for transmission to
the client can be based on the number of bit planes 1n each of
the first and second layers. FIG. 7a shows the coding schemes
employed for the wavelet coellicients of a code block, based
on the number of bit planes. Entropy coding is restricted to the
first three (or less) bit planes 1n the first layer. When there 1s
one bit plane, the position indices of significant bits, such as
‘ones’ 1n that bit plane are coded. For example, if only bit
plane 3 of FIG. 5B 1s to be sent, then position indices of 1, 9,

and 11 would be coded.
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Run-value coding may be used when two bit planes are
present 1n the first layer. Run-value coding assumes a sparse
distribution of non-zero values. The run length of zeros and
values of the non-zero coellicient terminating the run are
coded. When the run length reaches a predetermined maxi-
mum, a ‘1’ 1s coded and zero-run 1s restarted. The maximum
may be determined based on statistical simulations. For

example, 1n one embodiment of the present invention, the
maximum may be set to 16. With run-length termination, ‘0’

tollowed by four bits identitying the run length 1s coded. This
1s Tollowed by a value of the coetlicient that terminated the
run. FIG. 7b illustrates an example of Run-value coding.
Reterring to FIG. 7B, each light circle represents two bits that
are both zero and each dark circle represents two bits where at
least one 1s not zero. A first one of the bits corresponds to a
first bit plane of a coellicient in a code block and the other bit
corresponds to a second bit plane of the coefficient. For
example, the stack of bit planes shown 1n FIG. 7B may be
coded as tfollows: (0,0100,v1);(1);(0,0011),v2);(0,0111,v3),
where “(0,” represents the start of a zero run, the binary value
following “(0,” represents the number of zeros 1n zero run,
“v1-v3” represents the non-zero value that terminated the
zero run, and “(1)” represents the predetermined maximum
number (e.g., 16) of consecutive Os. Alternately, a *1” may be
used to represent the start of a zero run and ‘0’ may be used to
represent the pre-determined maximum number.

(Quad-Comma coding may be used when three bit planes
are present 1n the first layer. FIG. 7C 1llustrates an example of
Quad-Comma coding. Referring to FIG. 7C, each light circle
represents three bits of a coelficient. Each square represents a
‘quad’ of four coelficients. With Quad-Comma coding, one
bit 1s first spent to indicate the significance of a quad. If aquad
1s significant, the quad 1s further coded by the values of the
coellicients. A quad 1s considered significant 11 one or more of
its four coellicients are non-zero. A quad 1s considered non-
significant when all four of the coefficients are zero. For
example, a significant quad followed by an non-significant
quad may be coded as follows: “1,v1,v2,v3,v4,0”, where the
‘1’ mndicates that the quad 1s significant, vl1-v4 indicate the
four coellicients of the significant coellicients, and the ‘0’
indicates that the next quad 1s not significant (e.g., the next
four coelficients are all 0). Alternately a ‘0’ can be used to
indicate that a quad 1s significant and a ‘1’ to indicate that a
quad 1s not-significant. When the number of bit planes
exceeds 3, Quad-comma coding may be used for 3 MSB
planes and the raw bits for the remaining bit planes can be
coded directly.

It should be noted that coefficients of a code block gener-
ated by a wavelet transform may be positive or negative.
When a coellicient 1s non-zero, a sign bit may be appended to
the value of the coelficient.

Once the bit planes have been coded/compressed as codes,
the server sends them to the client. For example, the server
may send the codes across a network or a direct connection to
the client. The client recerves the codes, decompresses/de-
codes them, and performs an inverse wavelet transform on the
decompressed/decoded codes to generate a new 2D 1mage.
The client can then visualize the new 2D 1mage on a client
display. The client may include a graphical processing unit
(GPU) to perform the inverse wavelet transform, thereby
enabling the client to primarily focus on entropy de-coding
and visualization.

It1s to be understood that the particular exemplary embodi-
ments disclosed above are 1llustrative only, as the invention
may be modified and practiced 1n different but equivalent
manners apparent to those skilled 1n the art having the benefit
of the teachings herein. Furthermore, no limitations are
intended to the herein described exemplary embodiments,
other than as described in the claims below. It 1s therefore
evident that the particular exemplary embodiments disclosed
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herein may be altered or modified and all such variations are
considered within the scope and spirit of the invention.
Accordingly, the protection sought herein 1s as set forth 1n the
claims below.

What 1s claimed 1s:

1. A method for remotely visualizing an image on a client,
the method comprising steps of:

rendering a 2D image from image data on a server;

applying a 2D wavelet transform to the 2D 1mage on the

server to generate a plurality of sub-bands;
identifying code blocks of the sub-bands that correspond to
a region of interest 1n the 2D 1mage on the server;

compressing a number of bit planes of each code block
using one ol a plurality of coding techniques on the
server based on the number of bit planes to generate
compressed codes;

sending the compressed codes from the server to the client;

and

visualizing a new 2D 1image on the client using the received

compressed codes,

wherein a processor pertforms the steps.

2. The method of claim 1, wherein when the number of bit
planes 1s 1, the chosen coding technique includes 1dentifying,
positions of significant bits 1n the bit plane of the code block
and coding the 1dentified positions.

3. The method of claim 1, wherein when the number of b1t
planes 1s 2, the chosen coding technique includes performing,
a Run-value coding on the two bit planes.

4. The method of claim 1, wherein when the number of b1t
planes 1s 3, the chosen coding technique includes performing,
a Quad-comma coding on the three bit planes.

5. The method of claim 1, wherein when the number of bit
planes 1s greater than 3, the chosen coding technique includes
performing a quad-comma coding on only the upper three bit
planes and coding raw bits of the remaining bit planes.

6. The method of claim 1, wherein the visualizing com-
Prises:

decoding the compressed codes to generated decoded

codes;

performing an inverse 2D wavelet transform on the

decoded codes to generate the new 2D 1mage; and
displaying the new 2D image.

7. The method of claim 1, wherein the server renders the 2D
image based on viewpoint information received from the
client.

8. The method of claim 1, wherein compressing the number
ol bit planes of each code block comprises:

determining a number M of most significant bit (MSB)

planes and a number L of least significant bit (LSB)
planes of the code block based on an importance of the
sub-band of the code block; and

compressing the M MSB bit planes as first codes using the

chosen coding technique and coding raw bits of the L
MSB bit planes as second codes,

wherein M and L are positive integers that sum to a total bit

plane count of the code block.

9. The method of claim 8, wherein the sending of the
compressed codes comprises sending the first codes to the
client during a user interaction between the client and the
SErver.

10. The method of claim 9, wherein the visualizing com-
prises visualizing a less detailed version of the new 2D image
from the first codes during the user interaction.

11. The method of claim 10 further comprises sending the
second codes to the client and visualizing a more detailed
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version of the new 2D 1image from both the first codes and the
second codes after the user interaction has ended.

12. A system for performing remote visualization of an
image, the system comprising:

a server workstation;

a client workstation;

a client display; and

a network,

wherein the server workstation renders a 2D image from

image data, performs a 2D wavelet transform on the
rendered 1mage to generate sub-bands having code
blocks, compresses a number of most significant bit
planes of each code block based on a sub-band 1mpor-
tance of the code block’s sub-band to generate codes,
and sends the codes across the network and, wherein the
client workstation recerves the codes from the network,
decode the codes, performs an inverse wavelet transform
on the decoded codes to generate a new 2D 1mage, and
displays the new 2D 1image on the client display.

13. The system of claim 12, wherein the server workstation
comprises a hardware accelerated rendering engine to render
the 2D 1image.

14. The system of claim 12, wherein the client workstation
further comprises a graphical processing unit (GPU) to per-
form the 1nverse wavelet transform.

15. The system of claim 12, further comprising a client
iput device to select a desired viewpoint, wherein the client
workstation sends data including the selected viewpoint
across the network to the server workstation and the server
workstation renders the 2D 1image based on the recerved data.

16. A non-transitory computer readable medium, tangibly
embodying a program of instructions executable by a com-
puter to perform method steps for visualizing an 1image, the
method comprising:

applying a 2D wavelet transform to a 2D 1image to generate

a plurality of sub-bands; identifying code blocks of the
sub-bands that correspond to a region of interest in the
2D 1mage;
generating first codes from a number M of most significant
bit (MSB) planes of each code block and second codes
from a number L of least signmificant bit (LSB) planes of
cach code block based on an importance of the sub-band
of the code block;
visualizing a less detailed 2D image from the first codes
during a user interaction between a client and server; and

visualizing a more detailed 2D 1mage from the first and
second codes after he user interaction has ended,
wherein M and L are positive integers.

17. The computer readable medium of claim 16, wherein
when M 1s 1, the generating of first codes comprises 1denti-
tying positions of significant bits in the bit plane and coding
the 1dentified positions.

18. The computer readable medium of claim 16, wherein
when M 1s 2, the generating of first codes comprises perform-
ing a run value coding on the two bit planes.

19. The computer readable medium of claim 16, wherein
when M 1s 3, the generating of first codes comprises perform-
ing a quad-comma coding on the three bit planes.

20. The computer readable medium of claim 16, wherein
when M 1s greater than 3, the generating of first codes com-
prises performing a quad-coding on the upper three bit planes
and coding raw bits of the remaining bit planes.
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